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ABSTRACT 
Multiple sclerosis (MS) is an important cause of progressive neurological disability, typically 
commencing in early adulthood. There is a need for safe and effective therapy to prevent the 
progressive central nervous system (CNS) damage and resultant disability that characterize the 
disease course. Increasing evidence supports a chronic autoimmune basis for CNS damage in MS. In 
the present study, we review current concepts of autoimmune pathogenesis in MS, assess current 
therapies aimed at countering auto-immune attack and discuss potential therapeutic strategies. Among 
currently available therapies, β-interferon and glatiramer acetate have a modest effect on reducing 
relapses and slowing the accumulation of disability in relapsing–remitting MS. β-interferon is of 
doubtful efficacy in secondary progressive MS and appears to aggravate primary progressive MS, 
possibly by increasing antibody-mediated CNS damage through inhibition of B-cell apoptosis. 
Mitoxantrone may reduce relapses and slow disability progression in relapsing–remitting and 
secondary progressive MS, but its use is limited by the risk of cardiomyopathy. There are 
currently no effective treatments for primary progressive MS. Many therapies that are 
effective in the animal model, experimental autoimmune encephalomyelitis (EAE), are either 
ineffective in MS or – in the case of γ-interferon, lenercept and altered peptide ligands – 
actually make MS worse. This discrepancy may be explained by the occurrence in MS of 
defects in immunoregulatory mechanisms, the integrity of which is essential for the efficacy 
of these treatments in EAE. It is likely that the development of safe, effective therapy for MS 
will depend on a better understanding of immunoregulatory defects in MS.  
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I N T R O D U C T I O N  
 
Multiple sclerosis (MS) is a chronic inflammatory disease of the central nervous system 
(CNS) that typically strikes young adults. It is characterized pathologically by multifocal 
areas of inflammatory demyelination with relative preservation of axons. Increasing evidence 
supports an autoimmune pathogenesis, with myelin antigens among the most plausible targets. 
The autoimmune hypothesis for MS is based on several lines of evidence. First, susceptibility 
to the disease is linked to genes involved in discrimination of self from non-self, specifically 
to certain class II genes of the major histocompatibility complex (MHC). Second, lesions 
morphologically identical to those of MS occur in experimental autoimmune 
encephalomyelitis (EAE), an animal model of MS that is known to be autoimmune in nature. 
Third, increased quantities of immune cells and antibody are found in the CNS and 
cerebrospinal fluid (CSF) of patients with MS. Fourth, other autoimmune diseases occur with 
increased frequency in patients with MS and in their families, suggesting a common genetic 
predisposition.1 Finally, it has been shown that manipulation of the immune system can 
modify the disease course, at least in the short term. 
It is clear that there is a genetic contribution to MS. Knowledge of the specific 
(immuno)genetic factors predisposing to MS could assist greatly in clarifying the 
immunopathogenesis. Such knowledge could be particularly useful in identifying primary (as 
Internal Medicine Journal 2002; 32 (11) : 554-563.     http://dx.doi.org/10.1046/j.1445-5994.2002.00269.x 
 
opposed to secondary) immunological abnormalities, thereby helping to determine optimal 
targets for specific therapeutic intervention. However, other than certain major 
histocompatibility complex (MHC) class II genes, the nature of the genetic factors that predis-
pose to MS are unknown. Furthermore, factors other than the basic complement of germline 
genes are clearly important in disease expression, as evidenced by the discordance for MS 
between monozygotic twins. Such factors could include variation at the level of recombination 
or expression of genes, or at the level of interaction of gene products with the environment. 
Such variations could be determined by chance and/or by environmental factors. This 
observation is entirely consistent with the autoimmune hypothesis for MS, as genes encoding 
antigen receptors undergo random recombination events and development of the immune 
repertoire and immune cell activation are dependent on environmental interactions. 
As the genetic factors predisposing to MS and the additional factors determining disease 
expression remain cryptic, specific therapeutic intervention to inhibit disease expression is not 
yet feasible. Rather, treatments that have been developed so far have been mainly empirical, 
in some cases based on efficacy in other autoimmune diseases or in EAE, and in other cases 
owing much to serendipity. This may explain why none of the treatments developed to date 
has more than modest efficacy. Effective immune manipulations in EAE frequently fail to 
translate into effective treatments in MS. Indeed, some therapeutic strategies, such as the 
administration of γ-interferon and blockade of tumour necrosis factor (TNF)-α, improve EAE 
but make MS worse. The discrepancy between outcomes of identical immune manipulations 
in MS and EAE can be understood by considering the differences between the two conditions.2 
MS is a spontaneously arising condition occurring in individuals who may have an inherent 
defect of immune regulation. EAE, however, is an artificially induced condition in animals 
with intact immune regulation. Agents that rely on intact immunoregulatory mechanisms to 
have a beneficial effect on EAE will have no effect in MS patients with defects in these 
mechanisms. For interventions with dual potential for anti-inflammatory and pro-inflammatory 
effects, such as γ-interferon, the balance might favour anti-inflammatory effects in a setting of 
effective immunoregulatory mechanisms such as EAE, but pro-inflammatory effects in a 
setting of deficient immunoregulation such as MS. 
To develop more effective treatment, it is necessary to gain a better understanding of the 
genetic, environ-mental and immunological factors involved in MS pathogenesis. This 
requires the development of a model that incorporates and is compatible with current 
knowledge of the disease, and which can then be tested and modified according to further 
observations. 
Our current model begins with genetic predisposition to the disease. The nature of this 
predisposition could be twofold. First, in at least a proportion of cases, it may include a more 
widespread tendency to auto-immunity, given the increased occurrence of other autoimmune 
diseases in patients with MS and in their families. A more widespread autoimmune diathesis 
might be the result of a genetically determined failure of regulation of autoimmunity. Such a 
failure could involve, for instance, defective apoptotic elimination of activated autoreactive T 
cells in the target organ.2 Alternatively, immune dysregulation could involve B cells or some 
other component of the immune system. Second, the concordance for MS (rather than just 
autoimmunity in general) between monozygotic twins indicates that specific genetic factors 
predisposing to MS per se must also exist. Such factors might include polymorphisms of 
myelin genes, genes involved in susceptibility to environmental triggers specific for MS or 
genes involved in protecting the CNS against autoimmune attack. 
Events leading from disease predisposition to expression (or initial lesion formation) might include 
multiple steps, each of which represents a potential target for therapeutic intervention, including: (i) 
peripheral activation (such as by a virus or super-antigen) of myelin-reactive T cells (which are 
present in both the normal and MS immune repertoire), (ii) migration of these activated cells to the 
CNS, (iii) traversal of the  blood–brain barrier, (iv) reactivation by autoantigen presented by CNS 
antigen-presenting cells, (v) failure of apoptosis of activated autoreactive T cells leading to 
their retention in the CNS, (vi) cellular proliferation and cytokine production, (vii) 
production of chemokines and upregulation of adhesion molecules, (viii) recruitment and 
activation of autoreactive T and B cells and non-specific immune cells, and (ix) orchestration 
of local autoimmune attack.  
An important feature of autoimmune attack on the CNS in MS is that it is ongoing, 
presumably due to persistence of factors that maintain autoimmunity or to the absence of 
factors that curtail autoimmunity. Memory B and T cells have the capacity to maintain 
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chronic autoimmunity. In acute disseminated encephalomyelitis – a monophasic autoimmune 
disorder of the human CNS – oligoclonal immunoglobulin G bands in the CSF may be present 
initially but then disappear, whereas in MS they persist. The persistence of B cells/antibodies 
in the CNS may be important in the maintenance of chronic auto-immunity. The immune 
attack on the CNS might also be maintained by epitope spreading, whereby lymphocytes 
become activated against additional target CNS antigens. 
An important feature of MS is its tendency to progress from an episodic to a gradually 
progressive course. In most patients with MS, the clinical course is initially relapsing–
remitting, with episodes of symptomatic deterioration followed by recovery of variable 
completeness. Much of the disability that occurs during this phase is thus reversible. 
However, irreversible disability may occur in patients with relapsing–remitting disease due to 
incomplete recovery from relapses, and may accumulate with recurrent such episodes. In the 
majority of patients, after a variable period of time (typically 8–15 years) the disease enters a 
clinical phase in which gradual progression of disability occurs independently of discrete 
episodes. This is termed secondary progressive disease. In about 10% of cases, there is 
gradual progression of disability from disease onset (primary progressive MS). Epitope 
spreading might explain the transition from a relapsing–remitting to a secondary progressive 
course. Autoreactivity against myelin antigens might result in a relapsing–remitting pattern, 
with clinical improvement due to remyelination, whereas spread of autoreactivity to axonal 
antigens might determine transformation to a secondary progressive course because axonal 
regeneration does not occur in the CNS. In cases where axonal antigens are the primary 
target, a primary progressive course might result.2,3 Alternatively, relapses might be due to 
predominantly T-cell-mediated autoimmune attack, whereas gradual progression might be due 
to predominantly antibody-mediated autoimmune attack on the CNS. 
The goals of disease-modifying treatment in MS are to prevent clinical relapses and, more 
importantly, to prevent irreversible damage and consequent disability. Although current 
treatments reduce relapses, they have limited efficacy in retarding the accumulation of 
disability, particularly during the progressive phase of MS wherein much of the disability 
develops.4 
Magnetic resonance imaging (MRI) studies indicate that episodes of inflammatory attack on 
the CNS, represented by new gadolinium-enhancing lesions, exceed the frequency of clinical 
relapses by up to 10-fold.5 It has been demonstrated pathologically that such inflammatory 
lesions are accompanied by axonal damage.6 Cumulative axonal injury is widely regarded as a 
major substrate of irreversible disability.7 Furthermore, enhancing lesions have been linked to 
subsequent cerebral atrophy in patients with early relapsing MS.8 Although the majority of 
such enhancing lesions may initially be clinically silent, cumulative axonal injury and 
cerebral atrophy associated with repeated inflammatory episodes are unlikely to remain silent 
throughout the course of the illness. The association of enhancing lesions early in the disease 
course with cumulative damage of a presumably irreversible nature supports the notion that 
intervention to prevent autoimmune attack should be instituted as early as possible in the 
disease course, provided that it is both safe and effective. It also suggests that the goal of 
therapy should be to prevent autoimmune attack, rather than simply to prevent relapses. 
It has been demonstrated through the use of novel MRI techniques that widespread 
cumulative axonopathy, not restricted to lesions visible on conventional MRI, may occur from 
the earliest stages of the illness.9 Furthermore, disease progression may continue despite 
marked suppression of MRI-detected inflammatory lesions.10 In primary progressive MS, 
progressive axonal loss and disability occur in the setting of a relative paucity of 
inflammatory lesions. Contrary to widely held opinion, these observations do not necessarily 
imply a primarily degenerative (rather than autoimmune) process. Rather, the autoimmune 
attack in these patients may be associated with a less focal, less intense, more diffuse pattern 
of inflammation (which may be missed by MRI) or may be produced by different auto-immune 
effector mechanisms. For example, while acute inflammatory lesions may be due to predom-
inantly T-helper type 1 (Th1) autoimmune attack, chronic progressive tissue damage might be 
due to predominantly T-helper type 2 (Th2) and B-cell/ antibody-mediated autoimmune 
attack. This notion is consistent with the finding of ongoing disease progression, despite 
marked suppression of enhancing lesions, in the setting of profound T-cell depletion and 
enhanced B-cell activity.10,11 This raises the possibility that agents that are useful in 
preventing relapses may not be effective in combating gradual progression, and could even be 
harmful in the long term if they promote a shift to an altered type of immune attack that 
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conduces to gradually progressive damage rather than episodic attacks. Alternatively, 
progressive axonopathy and tissue loss in relapsing–remitting or secondary progressive MS 
may represent Wallerian degeneration secondary to axonal injury, or possibly secondary to 
persistent demyelination. This would again indicate the need for early intervention to prevent 
autoimmune attack in order to prevent later irreversible disease progression. 
Another important consideration regarding any therapy to counter autoimmune attack in MS 
is durable efficacy (e.g. >10 years). This is because of the long median duration of the disease 
course in MS (>30 years).12 Clearly, an additional requirement is extended safety throughout 
such prolonged administration. 
 
C U R R E N T  THERAPIES  
 
β-interferon 
The initial rationale for using interferons in MS was as antiviral agents, in the belief that the 
disease may be caused by a latent viral infection of the CNS.13 The initial trials suggesting 
efficacy of β-interferon in MS involved intrathecal administration. The development of 
recombinant β-interferon and the demonstration of efficacy when administered via the 
subcutaneous route paved the way for large-scale clinical application. 
Nine years have passed since the first published report of the phase III trial of subcutaneous 
β-interferon-1b in relapsing–remitting MS. In patients treated with 8 million international units 
(MIU) on alternate days, the study demonstrated a reduction in annualized relapse rate after 2 
years of approximately one-third, with a reduction of approximately one-half in moderate and 
severe relapses.14 It also demonstrated a beneficial effect on MRI measures of apparent disease 
progression such as progression of T2-lesion load (‘MRI-detected burden of disease’) and 
appearance of new T2 lesions.15 The treatment was generally well tolerated, with a dropout rate 
due to adverse events in the 8 MIU treatment group of <10% over 4 years. This was the first 
convincing demonstration of an apparently safe, effective, disease-modifying treatment for 
MS. However, the benefits were only modest, applicable only to patients with relapsing–
remitting disease, and the safety and efficacy were demonstrated only over a short period 
relative to the typical course of MS. Subsequently, β-interferon-1a preparations were shown to 
have a similar effect on relapses – along with beneficial effects on gadolinium-enhancing 
lesions and progression of disability – in relapsing–remitting MS, as well as a similar systemic 
adverse effect profile.16,17 Neutralizing antibodies against β-interferon develop in some patients 
and are associated with reduced clinical and MRI efficacy.17 
Two recent studies have shown that treatment with β -interferon following an initial clinical 
demyelinating event delays the first relapse of MS and slows the accumulation of T2 
lesions.18,19 However, these findings are not unexpected, given the known effects of β-
interferon in reducing relapse frequency and T2 lesion accumulation in patients with relapsing– 
remitting MS. They do not imply any additional effects or long-term benefit. 
Among the many suggested mechanisms for the beneficial effect of β-interferon on relapses 
and gadolinium-enhancing MRI lesions in MS, the most plausible seems to be repression of 
Th1 cell generation through inhibition of CD40-induced production of interleukin-12 by 
dendritic cells.20 
In 1998, a European trial found a beneficial effect of β-interferon-1b on disability 
progression, as well as on relapse frequency, in patients with secondary progressive MS.21 
Two subsequent trials have failed to demonstrate benefit of β-interferon in slowing disability 
progression in secondary progressive disease,22,23 although post-hoc analyses suggested 
greater benefit in certain subgroups (such as women and patients with recent relapses).23 (3-
Interferon has no demonstrated efficacy in primary progressive MS. In fact, one study 
demonstrated that it worsens spasticity in such patients.24 
Thus, at present, it is unknown whether β-interferon has any effect on disease progression 
beyond its effect on relapses.25 Indeed, the absence of a relationship between relapses and 
progression of irreversible disability in MS suggests that agents that reduce relapses may not 
necessarily delay the development of disability in the long term.4 It should be noted that α-
interferon and β-interferon inhibit B-cell receptor-mediated apoptosis,26 which is an important 
mechanism for controlling B-cell/antibody autoreactivity. Given the increasing evidence that 
antibodies against myelin and axonal antigens have a pathogenic role in MS, it should be 
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considered whether β-interferon might aggravate antibody-mediated myelin and axonal 
damage.27 If antibody-mediated damage contributes to progression of disability, this could 
explain why β-interferon has no beneficial effect on disability progression in established 
secondary progressive MS and causes worsening in primary progressive MS. Aggravation of 
B-cell-mediated autoimmunity may also explain how α-interferon and β-interferon induce or 
aggravate other autoimmune diseases.28–30 As there is accumulating evidence that MS patients 
are genetically predisposed to other autoimmune disorders,1 β-interferon treatment may 
eventually induce or exacerbate conditions such as autoimmune thyroid disease and psoriasis 
in a significant number of MS patients. 
 
Glatiramer acetate 
 
Glatiramer acetate was initially synthesized under the name copolymer 1 as a potential 
encephalitogen for the induction of EAE. In fact, copolymer 1 was found to have the opposite 
effect, inhibiting the induction of EAE in guinea pigs.31 It was later shown to be capable of 
suppressing or ameliorating EAE in a number of species, which led to trials in MS. The phase 
III trial in relapsing–remitting MS, published in 1995, showed that glatiramer acetate had a 
similar efficacy to that of R-interferon in terms of reducing the relapse rate in relapsing–
remitting MS.32 In addition, there was evidence for a beneficial effect on disability 
progression in relapsing–remitting patients. In both the initial phase III trial32 and the 
extension study,33 there was a beneficial effect on expanded disability status scale (EDSS) 
change between baseline and final assessment by categorical analysis (worsened, unchanged 
or improved by ≥ 1 EDSS steps). However, neither study was able to demonstrate a significant 
benefit on sustained disability progression – only a weak positive trend.32,33 An open-label, 
single-arm continuation study purported to show sustained efficacy of glatiramer acetate in 
slowing accumulation of disability, as well as reducing relapses, during continuous treatment 
for ≥ 5 years.34 Although the results of any open-label study should be interpreted with 
caution, a favourable effect of glatiramer acetate on disease progression is supported by the 
finding of a beneficial effect on decline in brain parenchymal volume as determined by 
quantitative MRI assessment.35 There have been no phase III studies of the efficacy of 
glatiramer acetate on disease progression in patients with secondary progressive or primary 
progressive MS. 
Currently, the favoured mechanism of action of glati-ramer acetate involves the generation 
of cross-reactive Th2 cells which, it is proposed, are activated by glatiramer acetate and cross 
the blood–brain barrier to be reactivated by myelin antigens. This leads to local CNS 
production of immunomodulatory Th2 cytokines.36 However, such a mechanism of action 
would be expected to increase antibody-mediated CNS damage, as discussed above for β-
interferon. 
 
Mitoxantrone 
 
Mitoxantrone is an anthracenedione cytotoxic and immunosuppressive agent that is 
administered intravenously. Its main mechanisms of action are deoxyribonucleic acid (DNA) 
intercalation and inhibition of DNA topoisomerase II. Its immunosuppressive effects include 
reduction of B-cell numbers and inhibition of T-helper cell function. In a 2-year, randomized, 
multicentre, placebo-controlled, observer-blinded study involving 51 patients with relapsing–
remitting MS, it has been shown to have a significant beneficial effect on disability 
progression, relapses and new T2 lesions.37 A subsequent 2-year, observer-blinded, placebo-
controlled trial including patients with either secondary progressive or ‘relapsing–progressive’ 
disease, randomized to receive placebo, mitoxantrone 5 mg/m2 or mitoxantrone 12 mg/m2 
every 3 months, showed beneficial effects on sustained disability progression and progression 
of T2-weighted lesion load, as well as on gadolinium-enhancing lesions and relapses, all 
favouring the higher dose.38,39 The results of the latter study have resulted in this agent 
receiving indications in the USA for the treatment of secondary progressive, progressive 
relapsing and worsening relapsing–remitting MS. However, the efficacy of mitoxantrone in 
secondary progressive disease per se is unclear. More importantly, the usefulness of this 
treatment is limited by the risk of serious cardiotoxicity in the form of irreversible 
cardiomyopathy, which restricts its use to a maximum total lifetime dose of 140 mg/m2 (less 
than 3 years at a dose of 12 mg/m2 every 3 months). Although duration of clinical efficacy 
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might extend beyond the actual period of administration, it is still likely to fall far short of a 
desirable period of usefulness in a disease with a median duration in excess of 30 years. 
Furthermore, based on experience in Hodgkin’s disease, even doses within the recommended 
therapeutic range will result in impaired left ventricular function in more than one-third of 
patients 7 years after completion of mitoxantrone treatment.40 The effect of mitoxantrone in 
primary progressive MS is unknown. 
 
Methotrexate 
 
Methotrexate inhibits dihydrofolate reductase, which is involved in both DNA and ribonucleic 
acid (RNA) synthesis. It has both immunosuppressive and anti-inflammatory effects. A 
randomized, double-blind, placebo-controlled phase II trial of the effect of low-dose 
methotrexate (7.5 mg orally once weekly) on disability progression in 60 patients with 
chronic progressive MS (42 with secondary progressive and 18 with primary progressive 
disease) was reported in 1995.41 Sustained disability progression was defined as sustained 
deterioration according to any one of several criteria. A significant benefit for methotrexate on 
the rate of sustained disability progression was demonstrated for the patients with secondary 
progressive disease but not for those with primary progressive MS. Moreover, no statistically 
significant benefit was demonstrable in terms of EDSS progression, indicating that the 
composite measure was a ‘softer’ end-point. This raises questions about the clinical impor-
tance of any beneficial effect of this dose of methotrexate. It is possible that a higher dose 
would be more effective, as considerably higher weekly doses (12.5 mg) are regularly used in 
patients with rheumatoid arthritis. However, further studies are needed to determine this. 
Although low-dose methotrexate is generally well tolerated, the drug does have the potential 
for serious adverse effects in the form of pulmonary, hepatic and bone marrow toxicity. 
 
Azathioprine 
 
Azathioprine is an oral immunosuppressive agent with effects on both T and B cells. It has a long 
history of use in MS, which predates current demands for proof of drug efficacy through large, 
rigorously conducted double-blind, randomized, placebo-controlled trials. The trials that have been 
performed have generally been small and have included a mixture of MS types, making confirmation 
of efficacy difficult. Because of this, a meta-analysis of randomized, controlled, double- or single-
blind trials of azathioprine in MS was carried out, the results of which were published in 1991.42 This 
demonstrated a significant increase in the likelihood of remaining relapse free at 1, 2 and 3 years, 
but no benefit on disability at 1 year and a small, non-significant benefit on disability at 2 and 3 
years. This led the authors to question whether the small clinical benefits of azathioprine were 
sufficient to outweigh its toxicity. 
 
Cyclophosphamide 
 
Cyclophosphamide is an alkylating agent with powerful cytotoxic and immunosuppressive 
effects. Although two randomized, single-blind, placebo-controlled trials of cyclo-
phosphamide in chronic progressive MS failed to demonstrate any beneficial effect on disease 
progression,43,44 a subsequent 2-year, randomized, observer-blinded trial comparing induction 
therapy followed by pulse intravenous cyclophosphamide every 2 months with induction 
therapy alone did suggest a beneficial effect on disease progression, which was restricted to 
patients aged ≤ 40 years.45 Whereas the efficacy of cyclophosphamide is unclear, its toxicity is 
well documented. 
 
Pulse high-dose methylprednisolone 
 
Corticosteroids have a diverse range of actions, including: (i) immunosuppressive and anti-
inflammatory effects, (ii) stabilization of the blood–brain barrier, (iii) acceleration of oedema 
resolution and (iv) promotion of T-cell apoptosis. High-dose intravenous methylprednisolone 
accelerates recovery from attacks of relapsing–remitting MS.46 A randomized, controlled, 2-
year, phase II trial of high-dose intravenous methylprednisolone administered every 2 months 
to patients with secondary progressive MS, using a low-dose treatment arm as a control 
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group, suggested a possible clinical benefit for high-dose therapy, using a composite end-
point comprising sustained worsening, by any of several measures, or at least three relapses 
requiring unscheduled treatment in a 12-month period.47 A significant effect in favour of the 
high-dose treatment arm was demonstrated in terms of survival analysis, suggesting a delaying 
effect on time to reach the end-point. However, no significant benefit was demonstrated in 
terms of the proportion of subjects in each treatment arm reaching the end-point at 2 years. 
Any sustained disease-modifying effect is yet to be demonstrated and long-term high-dose 
corticosteroid therapy carries a risk of adverse effects, including osteoporosis. 
 
Intravenous immunoglobulin 
 
Intravenous immunoglobulin has multiple immunoregulatory effects, including effects on both 
B and T cells. The Austrian Immunoglobulin in MS study of 148 patients with relapsing–
remitting MS randomized to receive monthly intravenous immunoglobulin (IVIg) or placebo 
over a 2-year period showed a significant beneficial effect for IVIg on change in EDSS score 
between baseline and conclusion, in addition to a reduction in relapses of approximately 
50%.48,49 Further studies are required to determine whether there is any beneficial effect of 
IVIg on sustained disability progression in patients with relapsing–remitting disease and 
whether there is any benefit in primary or secondary progressive MS. In view of problems 
with availability, cost, potential adverse effects50 and route of administration, it is unclear 
what role IVIg might play as a disease-modifying agent in MS. 
 
Haematopoietic stem cell transplantation 
 
Haematopoietic stem cell transplantation should be regarded as the second part of a two-stage 
treatment. First, intense immunotoxic therapy is used to eliminate, as far as possible, 
potentially harmful cells. Second, the patient’s immune system is reconstituted using 
haematopoietic precursor cells derived either from a human leucocyte antigen-matched donor 
(allogeneic transplant) or from the patient following mobilization (autologous transplant). The 
high mortality of allogeneic transplantation precludes its use in a disease with low mortality, 
such as MS. Autologous haematopoietic stem cell transplantation carries a lower mortality but 
also a higher likelihood of persistent contamination of the patient’s immune system with 
autoaggressive cells, resulting in ongoing autoimmune disease. The principle behind the use of 
haematopoietic stem cell transplantation in MS is that factors other than genetic ones are 
involved in the malfunction of the immune system that causes MS. Thus, reconstitution of the 
immune system from precursor cells may not necessarily result in the same malfunction. 
Furthermore, as there is a delay between formation of the immune system and development of 
MS, there may at least be a latent period between the reconstitution of the immune system and 
the resumption of autoimmune attack. However, success in preventing ongoing autoimmunity 
and disease progression is dependent on elimination of cells responsible for autoimmune 
disease, both from the transplanted cell population (by in vivo or in vitro methods) and from 
the patient prior to transplantation. In essence, the theoretical aim is to return the immune 
system to something resembling a naïve state. However, it seems unlikely that autologous 
stem cell transplantation can achieve this objective. 
Various protocols have been used in the limited number of trials of autologous stem cell 
transplantation in MS reported to date. Variables include the conditioning regimen used prior 
to transplantation and the additional negative selection techniques aimed at selectively 
depleting potentially autoaggressive cells from the transplanted cell population. It is yet to be 
determined whether any protocol can produce efficacy of sufficient frequency and durability to 
justify the considerable inherent morbidity and mortality risks. This is likely to depend on the 
patients selected for treatment, as much as on the technical aspects of the treatment. The 
selected patients would need to have a reliably poor prognosis in order to justify the risks 
involved in such aggressive treatment, yet disease that is not so far advanced as to limit 
potential benefit. The evidence from the largest trial reported to date suggests that autologous 
transplantation may delay, rather than prevent, disease progression. This is probably because 
its effects are due to the intense immunosuppression permitted by stem cell rescue, rather than 
to complete elimination of autoaggressive cells.51 This trial also bears out concerns regarding 
the mortality and morbidity risks, particularly in relation to patients with MS. 
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POTENTIAL  THERAPEUTIC  STRA TEG I ES 
 
Downregulation of T cells in the periphery 
 
Altered peptide ligands are peptides that are designed to resemble the epitopes that are targeted 
by pathogenic T cells, but incorporate minor amino acid substitutions at the site of interaction 
with the T-cell receptor. In MS, the aim of altered peptide ligand therapy is to downregulate 
or modulate pathogenic T-cell responses to the relevant target peptide. Problems with this 
approach include: (i)  the multitude of potential target myelin epitopes and (ii) the 
phenomenon of epitope spreading, which results in additional targets. Two phase II trials have 
also raised questions about the safety of this approach, with one altered peptide showing 
encephalitogenicity52 and the other inducing hypersensitivity reactions.53 
T-cell vaccination, which involves immunization of patients with irradiated myelin-reactive 
T cells derived from their peripheral blood, is aimed at selectively downregulating potentially 
pathogenic T cells. An alternative strategy involves vaccination with T-cell receptor peptides. 
A recent pilot study of T-cell vaccination in four patients with secondary progressive MS 
demonstrated short-term reduction in the frequencies of circulating T cells specific for various 
myelin antigens.54 Larger, randomized, double-blind, controlled trials will be necessary to 
determine whether a significant clinical effect can be demonstrated. The effectiveness of the T-
cell vaccination approach may again be limited by the diversity of antigenic targets and 
pathogenic T cells, and by defects in the immunoregulatory mechanisms that allow this 
approach to be beneficial in EAE. 
Problems associated with the diversity of pathogenic T cells in MS may be avoided by a 
more generalized depletion of T cells, although this may predispose to infection. Treatment of 
27 patients with secondary progressive MS with the lymphocyte-depleting anti-CD52 
monoclonal antibody Campath-1H resulted in reduction of peripheral blood lymphocyte 
counts which, in the case of T cells, was prolonged.11 B-cell numbers, however, recovered 
within 3 months, and a subsequent reactive increase in B-cell activity was associated with 
autoimmune hyperthyroidism in one-third of the patients. This treatment resulted in a marked 
reduction in inflammatory MRI brain lesions throughout the 18-month study.10 Nevertheless, 
many of the patients continued to develop brain and spinal cord atrophy, T1 hypointense 
lesions and worsening disability. This study highlighted a dissociation between: (i) suppression 
of T cells and of inflammatory lesions and (ii) progressive CNS tissue loss and disability, at 
least in patients with secondary progressive MS. This indicates that non-specific T-cell 
downregulation alone at this stage of disease may be ineffective. It also raises the possibility 
that, by increasing B-cell activity, Campath-1H treatment led to increased antibody-mediated 
CNS damage with resultant progression of disability. 
 
Inhibition of T-cell entry into the CNS 
 
Agents that block the interaction of activated T cells with vascular adhesion molecules 
impede the migration of these cells across the blood–brain barrier and inhibit EAE. A short-
term randomized, placebo-controlled, double-blind trial of one such agent, anti-a4 integrin 
antibody (natalizumab), demonstrated reduction in MRI-lesion activity in the first 12 weeks 
after treatment.55 There was no significant effect on the frequency of relapses in the first 12 
weeks but a considerable increase in this frequency in the second 12 weeks in the treated 
group. This suggests a rebound increase in disease activity after reversal of the a4-integrin 
blockade. Further studies are needed to deter-mine the efficacy and safety of longer-term 
therapy. 
 
Elimination of T cells from the CNS 
 
Apoptosis of encephalitogenic T cells in the CNS plays an important role in the spontaneous 
resolution of EAE.56,57 The induction of apoptosis of encephalitogenic T cells in the CNS by 
the activation of proapoptotic molecules or blockade of anti-apoptotic molecules (for 
example, by targeting antisense bcl-2 oligonucleotides to T cells within the CNS) is a 
potential new approach to preventing autoimmune attack and disease progression in MS.2 
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Inhibition of pro-inflammatory cytokines in the CNS 
 
Because blockade of the pro-inflammatory cytokine TNF-α inhibits EAE, it was hoped that 
inhibition of TNF-α might be beneficial in MS. A trial of lenercept (a TNF-α receptor–
immunoglobulin fusion protein that captures TNF-α in patients with relapsing–remitting MS 
found that lenercept did not have a beneficial clinical or MRI effect but that it did induce 
earlier and more frequent relapses.58 The deleterious effect of lenercept in MS, in contrast to 
its beneficial effect in EAE, may be explained by predominance of the anti-inflammatory 
effect over the pro-inflammatory effect of TNF-α in MS. 
 
Downregulation of B-cell/antibody responses 
 
Given the increasing evidence that B cells and anti-bodies have a pathogenic role in at least a 
large proportion of MS cases,59 therapies targeting B cells and/or antibody might be useful in 
preventing auto-immune attack and disease progression in MS. One potential therapeutic 
approach is the elimination of B cells from the CNS by the induction of B-cell apoptosis, as 
occurs during spontaneous recovery from EAE.60 
 
C O N C L U S I O N  
 
There is no treatment currently available that is capable of preventing relapses or disease 
progression in MS. All of the therapies that are currently used in an attempt to modify the 
disease course have limited efficacy and, in many cases, appreciable side-effects. A few of the 
many conceivable strategies for more effectively (and more specifically) inhibiting the auto-
immune process that underlies the disease course have been outlined in the present paper. It is 
unclear what strategy (or combination of strategies) will ultimately prove effective. 
 
A C K N O W L E D G E M E N T S  
 
The research work of M. P. Pender in this field has been supported by grants from the 
National Health and Medical Research Council of Australia and from Multiple Sclerosis 
Australia. 
 
R E F E R E N C E S  
1 Henderson RD, Bain CJ, Pender MP. The occurrence of autoimmune diseases in patients with multiple sclerosis 
and their families. J C l in  Neurosci 2000; 7: 434 –7 .  
2 Pender MP. Genetically determined failure of activation-induced apoptosis of autoreactive T cells as a cause of 
multiple sclerosis. Lancet 1998; 351: 978–81. 
3 Sadatipour BT, Greer JM, Pender MP. Increased circulating antiganglioside antibodies in primary and secondary 
progressive multiple sclerosis. Ann Neurol 1998; 44: 980–3. 
4 Confavreux C, Vukusic S, Moreau T, Adeleine P. Relapses and progression of disability in multiple sclerosis. N 
Engl J Med 2000; 343: 1430–8. 
5 Barkhof F, Scheltens P, Frequin STFM, Nauta JJ, Tas MW, Falk J et al. Relapsing–remitting multiple sclerosis: 
sequential enhanced MR imaging v clinical findings in determining disease activity. Am J Roentgenol 1992; 159: 
1041–7. 
6 Trapp BD, Peterson J, Ransohoff RM, Rudick R, Mork S, Bo L. Axonal transection in the lesions of multiple 
sclerosis. N Engl J Med 1998; 338: 278–85. 
7 Trapp BD, Ransohoff R, Rudick R. Axonal pathology in multiple sclerosis: relationship to neurologic disability. 
Curr Opin Neurol 1999; 12: 295–302. 
8 Leist TP, Gobbini MI, Frank JA, McFarland HF. Enhancing magnetic resonance imaging lesions and cerebral 
atrophy in patients with relapsing multiple sclerosis. Arch Neurol 2001; 58: 57–60. 
9 De Stefano N, Narayanan S, Francis GS, Amaoutelis R, Tartaglia MC, Antel JP et al. Evidence of axonal damage in the 
early stages of multiple sclerosis and its relevance to disability. Arch Neurol 2001; 58: 65–70. 
10 Paolillo A, Coles AJ, Molyneux PD, Gawne-Cain M, MacManus D, Barker GJ et al. Quantitative MRI in 
patients with secondary progressive MS treated with monoclonal antibody Campath 1H. Neurology 1999; 53: 751-7. 
11 Coles AJ, Wing M, Smith S, Coraddu F, Greer S, Taylor C et al. Pulsed monoclonal antibody treatment and 
autoimmune thyroid disease in multiple sclerosis. Lancet 1999; 354: 1691–5. 
Internal Medicine Journal 2002; 32 (11) : 554-563.     http://dx.doi.org/10.1046/j.1445-5994.2002.00269.x 
 
12 Poser S, Kurtzke JF, Schlaf G. Survival in multiple sclerosis. J Clin Epidemiol 1989; 42: 159–68. 
13 Jacobs L, Johnson KP. A brief history of the use of interferons as treatment of multiple sclerosis. Arch Neurol 1994; 
51: 1245–52. 
14 IFNP Multiple Sclerosis Study Group. Interferon beta-1b is effective in relapsing–remitting multiple sclerosis: I: 
clinical results of a multicenter, randomized, double-blind, placebo-controlled trial. Neurology 1993; 43: 655–61. 
15 Paty DW, Li DKB, the UBC MS/MRI Study Group, the IFNP Multiple Sclerosis Study Group. Interferon beta-1b 
is effective in relapsing–remitting multiple sclerosis: II. MRI analysis results of a multicenter, randomized, double-
blind, placebo-controlled trial. Neurology 1993; 43: 662–7. 
16 Jacobs LD, Cookfair DL, Rudick RA, Herndon RM, Richert JR, Salazar AM et al. The Multiple Sclerosis 
Collaborative Research Group. Intramuscular interferon beta-1a for disease progression in relapsing multiple sclerosis. 
Ann Neurol 1996; 39: 285–94. 
17 The PRISMS Study Group, the University of British Columbia MS/MRI Analysis Group. PRISMS-4: long-term 
efficacy of interferon-beta-1a in relapsing MS. Neurology 2001; 56: 1628–36. 
18 Jacobs LD, Beck RW, Simon JH, Kinkel RP, Brownscheidle CM, Murray TJ et al., the CHAMPS Study Group. 
Intramuscular interferon beta-1a therapy initiated during a first demyelinating event in multiple sclerosis. N Engl J Med 
2000; 343: 898–904. 
19 Comi G, Filippi M, Barkhof F, Durelli L, Edan G, Fernandez O et al., the Early Treatment of Multiple Sclerosis Study 
Group. Effect of early interferon treatment on conversion to definite multiple sclerosis: a randomised study. Lancet 2001; 357: 
1576–82. 
20 McRae BL, Beilfuss BA, van Seventer GA. IFN-beta differentially regulates CD40-induced cytokine secretion by 
human dendritic cells. J Immunol 2000; 164: 23–8. 
21 European Study Group on Interferon beta-1b in Secondary Progressive MS. Placebo-controlled multicentre 
randomised trial of interferon beta-1b in treatment of secondary progressive multiple sclerosis. Lancet 1998; 352: 
1491–7. 
22 Goodkin DE, North American Study Group. Interferon beta-1b in secondary progressive MS: clinical and MRI results 
of a 3-year randomized controlled trial. Neurology 2000; 54: 2352. 
23 SPECTRIMS Study Group. Randomized controlled trial of interferon-beta-1a in secondary progressive MS: 
clinical results. Neurology 2001; 56: 1496–504. 
24 Bramanti P, Sessa E, Rifici C, D’Aleo G, Floridia D, Di Bella P et al. Enhanced spasticity in primary progressive MS 
patients treated with interferon beta-1b. Neurology 1998; 51: 1720–3. 
25 Ebers GC. Preventing multiple sclerosis? Lancet 2001; 357: 1547. 
26 Su L, David M. Inhibition of B cell receptor-mediated apoptosis by IFN. J Immunol 1999; 162: 6317–21. 
27 Pender MP. The use of interferon beta at the time of initial diagnosis of multiple sclerosis. J Clin Neurosci 2001; 8: 
381–2. 
28 Vial T, Descotes J. Clinical toxicity of the interferons. Drug Saf 1994; 10: 115–50. 
29 Durelli L, Ferrero B, Oggero A, Verdun E, Bongioanni MR, Gentile E et al. Autoimmune events during interferon 
beta-1b treatment for multiple sclerosis. J Neurol Sci 1999; 162: 74–83. 
30 McDonald ND, Pender MP. Autoimmune hypothyroidism associated with interferon beta-1b treatment in two 
patients with multiple sclerosis. Aust NZ J Med 2000; 30: 278–9. 
31 Teitelbaum D, Meshorer A, Hirshfeld T, Amon R, Sela M. Suppression of experimental allergic 
encephalomyelitis by a synthetic polypeptide. Eur J Immunol 1971; 1: 242–8. 
32 Johnson KP, Brooks BR, Cohen JA, Ford CC, Goldstein J, Lisak RP et al., the Copolymer 1 Multiple Sclerosis 
Study Group. Copolymer 1 reduces relapse rate and improves disability in relapsing-remitting multiple sclerosis: 
results of a phase III multicenter, double-blind, placebo-controlled trial. Neurology 1995; 45: 1268–76. 
33 Johnson KP, Brooks BR, Cohen JA, Ford CC, Goldstein J, Lisak RP et al., the Copolymer 1 Multiple Sclerosis 
Study Group. Extended use of glatiramer acetate (Copaxone) is well tolerated and maintains its clinical effect on multiple 
sclerosis relapse rate and degree of disability. Neurology 1998; 50: 701–8. 
34 Johnson KP, Brooks BR, Ford CC, Goodman A, Guarnaccia J, Lisak RP et al., the Copolymer 1 Multiple Sclerosis 
Study Group. Sustained clinical benefits of glatiramer acetate in relapsing multiple sclerosis patients observed for 6 
years. Mult Scler 2000; 6: 255–66. 
35 Ge Y, Grossman RI, Udupa JK, Fulton J, Constantinescu CS, Gonzales-Scarano F et al. Glatiramer acetate 
(Copaxone) treatment in relapsing–remitting MS: quantitative MRI assessment. Neurology 2000; 54: 813–17. 
36 Neuhaus O, Farina C, Wekerle H, Hohlfeld R. Mechanisms of action of glatiramer acetate in multiple sclerosis. 
Neurology 2001; 56: 702–8. 
37 Millefiorini E, Gasperini C, Pozzilli C, D’Andrea F, Bastianello S, Trojano M et al. Randomized placebo-controlled 
trial of mitoxantrone in relapsing–remitting multiple sclerosis: 24-month clinical and MRI outcome. J Neurol 1997; 244: 
153–9. 
38 Hartung HP, Gonsette RE, the MIMS Study Group. Mitoxantrone in progressive multiple sclerosis: a placebo-
controlled, randomised, observer-blind phase III trial: clinical results and three-year follow-up. Neurology 1999; 52: 
A290. 
39 Krapf H, Morrissey SP, Zenker O, Zwingers T, Gonsette R, Hartung HP et al., the MIMS Study Group. 
Mitoxantrone in progressive multiple sclerosis: MRI results of the European phase III trial. Neurology 1999; 52: 
A495. 
40 Aviles A, Arevila N, Diaz Maqueo JC, Gomez T, Garcia R, Nambo MJ. Late cardiac toxicity of doxorubicin, 
epirubicin, and mitoxantrone therapy for Hodgkin’s disease in adults. Leuk Lymphoma 1993; 11: 275–9. 
41 Goodkin DE, Rudick RA, VanderBrug Medendorp S, Daughtry MM, Schwetz KM, Fischer J et al. Low-dose 
Internal Medicine Journal 2002; 32 (11) : 554-563.     http://dx.doi.org/10.1046/j.1445-5994.2002.00269.x 
 
(7.5 mg) oral methotrexate reduces the rate of progression in chronic progressive multiple sclerosis. Ann Neurol 1995; 
37: 30–40. 
42 Yudkin PL, Ellison GW, Ghezzi A, Goodkin DE, Hughes RA, McPherson K et al. Overview of azathioprine 
treatment in multiple sclerosis. Lancet 1991; 338: 1051–5. 
43 Likosky WH, Fireman B, Elmore R, Eno G, Gale K, Goode GB et al. Intense immunosuppression in chronic 
progressive multiple sclerosis: the Kaiser study. J Neurol Neurosurg Psychiatry 1991; 54: 1055–60. 
44 The Canadian Cooperative Multiple Sclerosis Group. The Canadian cooperative trial of cyclophosphamide and 
plasma exchange in progressive multiple sclerosis. Lancet 1991; 337: 441–6. 
45 Weiner HL, Mackin GA, Orav EJ, Hafler DA, Dawson DM, LaPierre Y et al. Intermittent cyclophosphamide pulse 
therapy in progressive multiple sclerosis: final report of the Northeast Cooperative Multiple Sclerosis Treatment 
Group. Neurology 1993; 43: 910–18. 
46 Milligan NM, Newcombe R, Compston DA. A double-blind controlled trial of high dose methylprednisolone in 
patients with multiple sclerosis: 1: clinical effects. J Neurol Neurosurg Psychiatry 1987; 50: 511–16. 
47 Goodkin DE, Kinkel RP, Weinstock-Guttman B, VanderBrug Medendorp S, Secic M, Gogol  D et al. A phase II 
study of IV methylprednisolone in secondary progressive multiple sclerosis. Neurology 1998; 51: 239–45. 
48 Fazekas F, Deisenhammer F, Strasser-Fuchs S, Nahler G, Mamoli B, the Austrian Immunoglobulin in MS Study 
Group. Randomised placebo-controlled trial of monthly intravenous immunoglobulin therapy in relapsing-remitting 
multiple sclerosis. Lancet 1997; 349: 589–93. 
49 Fazekas F, Deisenhammer F, Strasser-Fuchs S, Nahler G, Mamoli B, the Austrian Immunoglobulin in MS Study 
Group. 
Treatment effects of monthly intravenous immunoglobulin on patients with relapsing-remitting multiple sclerosis: 
further analysis of the Austrian Immunoglobulin in MS study. Mult Scler 1997; 3: 137–42. 
50 Stangel M, Hartung HP, Marx P, Gold R. Side effects of high-dose intravenous immunoglobulins. C l in  
Neuropharmacol 1997; 20: 385–93. 
51 Fassas A, Anagnostopoulous A, Kazis A, Kapinas K, Sakellari I, Kimiskidis V et al. Autologous stem cell 
transplantation in progressive multiple sclerosis – an interim analysis of efficacy. J C l in  Immunol 2000; 20: 24–30. 
52 Bielekova B, Goodwin B, Richert N, Cortese I, Kondo T, Afshar G et al. Encephalitogenic potential of the myelin 
basic protein peptide (amino acids 83–99) in multiple sclerosis: results of a phase II clinical trial with an altered peptide 
l igand.  Nat Med 2000; 6: 1167–75. 
53 Kappos L, Comi G, Panitch H, Oger J, Antel J, Conlon P et al., the Altered Peptide Ligand  in Relapsing MS Study 
Group. Induction of a non-encephalitogenic type 2 T helper-cell autoimmune response in multiple sclerosis after 
administration of an altered peptide l igand  in a placebo-controlled, randomized phase II trial. Nat Med 2000; 6: 
1176–82. 
54 Correale J, Lund B, McMillan M, Ko DY, McCarthy K, Weiner LP. T cell vaccination in secondary 
progressive multiple sclerosis. J Neuroimmunol 2000; 107: 130–9. 
55 Tubridy N, Behan PO, Capildeo R, Chaudhuri A, Forbes R, Hawkins CP et al., the UK Antegren Study Group. The 
effect of anti-α4 integrin antibody on brain lesion activity in MS. Neurology 1999; 53: 466–72. 
56 Tabi Z, McCombe PA, Pender MP. Apoptotic elimination of Vβ8.2+ cells from the central nervous system during 
recovery from experimental autoimmune encephalomyelitis induced by the passive transfer of Vβ 8.2+ 
encephalitogenic T cells. Eur J Immunol 1994; 24: 2609–17. 
57 Pender MP, Ris t  MJ. Apoptosis of inflammatory cells in immune control of the nervous system: role of glia. 
GLIA 2001; 36: 137–44. 
58 The Lenercept Multiple Sclerosis Study Group, The University of British Columbia MS/MRI Analysis Group. 
TNF neutralization in MS. Neurology 1999; 53: 457–65. 
59 Lucchinetti C, Bruck W, Parisi J, Scheithauer B, Rodriguez M, Lassmann H. Heterogeneity of multiple sclerosis 
lesions: implications for the pathogenesis of demyelination. Ann Neurol 2000; 47: 707–17. 
60 White CA, Nguyen KB, Pender MP. B cell apoptosis in the central nervous system in experimental autoimmune 
encephalomyelitis: roles of B cell CD95, CD95L and Bcl-2 expression. J Autoimmun 2000; 14: 195–204. 
 
 
 
 
 
 
